A kind of nonwoven containing ferulic acid is prepared by electrospinning method. It was observed that the diameter of the fiber was about 200 nm by SEM. The antibacterial activities against Escherichia coli and S. aureus were also investigated. The result showed the nonwoven prepared was effective against Escherichia coli, and S. aureus. Furthermore, Fabric UV transmittance test and air permeability were taken. It was found that the nonwoven achieved good UV protection and air permeability.
Introduction
In recent years, considerable attention has been paid to electrospinning as a versatile technique for producing fibers with diameters ranging from submicron to a few microns. In the typical electrospinning process, nanofibers are produced from an electrostatically driven jet of polymer solution (or melt). The discharged polymer solution jet undergoes a whipping process wherein the solvent evaporates and the highly stretched polymer fiber deposits on a grounded collector. The nonwoven mats of electro spun fibers have shown unique properties, such as dramatically increased surface/volume ratios, excellent mechanical strength, and highly open porous structures [1] . A number of functional nanofibers and composites have been developed through electrospinning by incorporating well-selected functional agents to achieve antibacterial properties. Two common methods are incorporation of antibacterial agents in the electrospinning solutions [2, 3] , and electrospinning of polymers with intrinsic antibacterial properties such as queerized chitosan [4] . Heightened awareness of the skin damaging effects of ultraviolet (UV) radiation by the public has led to robust growth in sun and skin care personal product markets. While UV-B (290-320 nm) radiation is principally responsible for sunburn (erythemogenic effect), UV-A (320-400 nm) radiation promotes photo-damage and aging of the skin [5] .
Ferulic acid (FA) is a phenolic compound (a member of the cinnamic acid family) found in the most of higher plants. It is generally present in nature as esters with other plant components, such as the hemicelluloses and lignin fractions of the plant cell wall, as well as in suberin and cutin waxy surfaces of leaves and other plant parts. FA is also found esterified to phytosterols present in grain products such as rice bran. As such, FA is a common component of the human diet. It is thus not expected to pose a threat to human health nor to the environment. FA has a strong ultraviolet A (UVA) and B (UVB) absorbance, and it is suitable all-natural replacement for commercially used, petroleumbased sunscreen active ingredients and antioxidants. An obvious use of FA is as a broad UVabsorbing active ingredient in sunscreens, health and beauty aids, and daily-wear cosmetics. Formulation and commercialization of FA into such products are currently being investigated. However, less obvious but important applications also include using FA as an adjuvant to provide natural UV protection in paints, coatings [6] .
The aim of this work is to prepare a kind of nonwoven which has the effect of anti-microbial and anti-ultraviolet.
Materials and Methods

Preparation of Nonwoven by Electrospinning
A power supply (Shanghai Sute Electrical Co., Ltd.) was used to provide voltages in the range of 0-60 kV. To avoid air bubbles spinning solutions were carefully loaded in a 10 mL syringe fitted with a stainless steel capillary metal-hub needle with an internal inside diameter of 0.5 mm. The positive electrode was connected to the needle tip and the grounded electrode to a metal collector wrapped with aluminum foil. The electrospinning process was carried out at room temperature and relative humidity 68±3%. A fixed electrical potential of 15 kV was applied across a fixed distance (12 cm) between the tip and the collector. The feed rate of solutions was controlled at 2.0 ml·h -1 by mean of a single syringe pump (Cole-Parmer, USA). The solution was prepared by dissolving 0.05 g FA and 0.95 g PAN in 10 mL DMAC. The formed nonwoven membranes were allowed to be further dried for over 24 h at 40 °C and under vacuum (320 Pa) in a DZF-6050 Electric Vacuum Drying Oven (Shanghai Laboratory Instrument Work Co. Ltd., Shanghai, China) to remove of residual organic solvent.
Morphology
The surface morphology of the electro spun fibers were assessed using a JSM-5600LV scanning electron microscope (Electron Optics Laboratory Co. Ltd., Japan). Prior to the examination, samples were gold sputter-coated under argon to render them electrically conductive. Electron micrographs were then taken at an excitation voltage of 15 kV.
Determination of Antibacterial Activity
S. aureus was incubated in 10 mL of a 3.1% yeast-dextrose broth (containing 10 g/L peptone, 8 g/L beef extract, 5 g/L sodium chloride, 5 g/L glucose, and 3 g/L yeast extract at a pH 6.8) for 6-8 h at 37 °C until the exponential growth phase was reached [8] . The bacteria-containing broth was centrifuged at 3000rpm for 10 min, and after removal of supernatant, the cells were washed twice with sterile phosphate-buffered solution (PBS). The bacteria cells were suspended to provide a final density of 106 cells/mL in PBS (based on standard calibration with the assumption that the optical density of 1.0 at 540 nm is equivalent to approximately 109 cells/mL) [9] .
Determination of Effect of Anti-ultraviolet
Fabric UV transmittance test was taken by UV-1000F Ultraviolet Transmittance Analyzer (America Lab sphere Co. Ltd.). The optical design meets the requirements of the USA standards AATCC183-1998.
Determination of Air Permeability of the Nonwoven
Air permeability of cotton fabrics was measured, according to GB5453-85, Standard Test Method for Air Permeability of Textile Fabrics, using a Y561 Air Permeability Tester (China).
Results and Discussion
Morphology
The spinning solution was a transparent bright yellow this being due to the complete solubility of FA in PAN when co-dissolved in DMAC. The configuration of the fibers is shown in Fig. 1 .The diameter of the fibers is about 200 nm. The interspaces between fibers distributed uniformly. Fig. 2 is the photograph of the nonwoven taken by digital camera. The surface of the nonwoven is very smooth and dense. 
Antibacterial Activity
Antibacterial efficacy of surface modified nonwoven containing FA was investigated by estimating the number of viable bacteria cells in the S. aureus and E. coli suspension after being in contact with nonwoven for various periods of time, and the results were shown in Fig. 3 . 
Effect of Anti-ultraviolet
Because the elevated exposure of human skin to UV radiation of the solar spectrum leads to more serious sunburns, premature skin aging, allergies and even skin cancer, the protection from excessive UV irradiation becomes a key requirement for skin-care clothing [10] . Generally, a UPF value of 40-50+ indicates an excellent protection of human skin from UV damage [11] . When the thickness of nonwoven reach above 100 μm, the nonwoven have achieved good UV protection. 
Air Permeability
Air permeability is one of the major properties of textile materials and is governed by factors like the fabric structure, density, thickness, and surface characteristics etc. The air permeability of nonwoven with different thickness was examined (Table . 2). By increasing the thickness of nonwoven from 50 μm to 400 μm, the air permeability was reduced. 
Conclusion
In summary, when FA were conveniently applied to fabric by electrospinning, the resulting nonwoven can largely reduce UV transmission, and possess highly effective antibacterial activities. This novel nonwoven would be useful in building a next generation of health-care clothing system that will promote wearers' comfort and skin health.
